Eighty beef steers (320 kg initial body weight) were equally divided among 4 lots and fed ad libitum an all-concentrate diet to determine if plasma thyroid hormone concentrations differed between nonimplanted (NI) and Synovex-S implanted (SI) steers. Ten steers in each lot were implanted at the start of a 120-day trial, and jugular blood was obtained at Days 60 and 120 for plasma analysis of thyroxine (T4), triiodothyronine (T3) and T3-resin uptake. Plasm~ T4 and T3 concentrations were determined by specific double antibody radioimmunoassay. Average daily weight gains for the NI and SI steers were 1.65 vs 1.96 kg (P<.001) from 0 to 60 days and .89 vs 1.16 kg (P<.001) from 61 to 120 days. Concentrations of T4 (gig/100 ml) for NI and SI steers were 6.6 vs 7.3 (P<.001) at 60 days and 6.1 vs 6.3 at 120 days. The respective values for the concentration of T3 (ng/100 ml) were 162 vs 160 and 151 vs 145; T3-resin uptake ratio, 1.02 vs .99 (P<.05) and 1.00 vs .97 (P<.05) and calculated Free Thyroxine Index, 6.71 vs 7.21 (P<.05) and 6.08 vs 6.23. These data suggest that free plasma T 4 was greater in SI steers during the initial half of the trial and that throxine binding capacity was slightly increased throughout the trial.
INTRODUCTION
Synovex-S, an implant containing estradiol and progesterone, is being used more extensively during growth and finishing as a more natural estrogenic growth stimulator to replace the synthetic estrogen, diethylstilbestrol (FDA, 1956) . Although many studies have demonstrated the efficacy of estrogenic growth stimulators in improving feed efficiency and increasing rate of gain (Dinnusson et al., 1950; Andrews et aL, 1950 Andrews et aL, , 1954 Burroughs et al., 1955; Clegg and Cole, 1954) , the exact mechanism of their action has nor been elucidated (Trenkle, 1969) .
Several investigators have examined the effects of diethylstilbestrol upon the thyroid gland, which regulates growth and metabolism. Measurements of thyroid gland weight and serum protein-bound iodine levels, however, have yielded inconsistent results (for review, see Trenkle, 1969) . In a recent experiment in this laboratory, a number of physiological characteristics associated with energy metabolism were studied under controlled environmental conditions in diethylstilbestrol (DES)-implanted beef steers (TyrreU et al., 1975; Rumsey et al., 1973) . Heart rate, body weight gain and fasting metabolic rate increased in DES-fed steers when compared to untreated controls, suggesting that diethylstilbestrol increases the energy required for maintenance. In a recent body composition study (Rumsey et al., 1977) , weight gain consisted of 33% more protein and 2% less fat in DES-fed steers.
The major objective of the research presented in this report was to determine if plasma thyroid hormone concentrations in feedlot beef steers were influenced by Synovex-S implantation. Thyroxine (T4) and triiodothyronine (T 3) plasma concentrations were measured in growing and finishing steers that were not ira-232 JOURNAL OF ANIMAL SCIENCE, Vol. 46, No. 1 (1978) Premix contained 3.96 g chlortetracycline and 3.0 kg of premix were added per 1,000 kg of diet.
planted or implanted with Synovex-S. In addition, T3-resin uptake ratio was measured and a Free Thyroxine Index was calculated 9
EXPERIMENTAL PROCEDURE
Eighty beef steers averaging 320 kg body weight were assigned to four lots of 20 steers and 10 steers in each lot were implanted with Synovex-S 4 ear implants at the beginning of the 120-day trial. Lot and group assignments were made on the basis of body weight. All steers had free access to water and over a 3-week period the ration was changed from a haygrain diet to ad libiturn intake of an all-concentrate diet (table 1). Although the main purpose of the present experiment was to examine the effect of Synovex-S, supplemental choline was incorporated into the diet of three lots of steers as part of another study. Choline has been found to improve the weight gain of feedlot steers on all-concentrate diets (Dyer et aL, 1962) . The steers in the four lots were fed either no supple-4 Formulated dosage of 200 mg progesterone and 20 nag estradiol benzoate was given to each steer. Syntex Laboratories, Inc., Palo Alto, CA 94304.
SA 25% choline chloride feed supplement, Hoffman-Taff, Inc., West Alexandria, OH 45381. 6Choline stearate containing 12.5% choline, Syntex Agribusiness, Inc., Springfield, MO 65805. ment, 750 mg/kg choline chloride s , 750 mg/kg choline stearate 6, or 1,500 mg/kg choline chloride for 120 days.
Body weights were recorded weekly during the first 8 weeks and then biweekly. Initial and final body weights were an average of weights obtained on 2 consecutive days. Jugular blood samples were obtained from all steers by venipuncture at 60 and 120 days on trial 9 Blood samples were collected in heparinized tubes, centrifuged at 1,550 x g and triplicate samples of plasma were stored at -20 C until analyzed for thyroxine, triiodothyronine and T3-resin uptake 9
Plasma T4 and T3 concentrations were determined in duplicate by specific double antibody radioimmunoassay procedures employing 8-anilino, 1-naphthalene-sulfonic acid to block thyroxine-binding globulin (Chopra et al., 1971; Chopra, 1972) using kits provided by Radioassay System Laboratories, Inc., U.S.A. All samples from each period of time (60 and 120 days of implantation) were analyzed in the same assay for each hormone 9 The mean intfaassay coefficient of variation was 5.3% and 5.4% for T 3 and T4, respectively 9 The coefficient of variation between assays was 7.5% for T4 and 6.8% for T 3. Plasma T3-resin uptake ratios were measured utilizing a resin binding technique (charcoal-dextran: Hesch et al., 1976) with commercial kits (Nuclear Medical eBody weight gain during 0 to 60 or 60 to 120 days of implantation.
Systems, Inc., U.S.A.). Free or diffusible thyroxine is the plasma T4 that is not bound to protein and more accurately represents metabolically active T4. Free-T4 Index was calculated using the T3-uptake ratios of treated animals and a plasma pool obtained from control untreated animals (Clark and Horn, 1965) . The Ta-resin uptake ratio was used to evaluate Free Thyroxine Index (FTI): FTI = T 3 uptake ratio x T4 (Sterling, 1976) . This provides an indirect measure of plasma thyroid hormone concentration and the degree of saturation of thyroxinebinding plasma protein.
Thyroid function was compared in Synoveximplanted and non-implanted steers, irrespective of choline supplementation (0, 750 mg/kg choline chloride, 750 mg/kg choline stearate, 1,500 mg/kg choline chloride). This confounded pen and choline treatments absolutely but two-factor analysis of variance did not reveal any interaction between choline supplementation and Synovex-S implantation. Accordingly, data were then analyzed by analysis of variance.
RESULTS AND DISCUSSION
Plasma T 4 levels were greater (P<.01) in the Synovex-implanted steers than in the nonimplanted steers during the period (0 to 60 days) when daily body weight gains were approximately 2 kg/day (table 2). The T4 levels at 120 days were slightly greater in implanted steers than in non-implanted steers but the differences were not statistically significant (P>.05). The differences between the T z uptake ratios of non-implanted and implanted steers were small (.03, table 2) but the ratio for implanted steers was significantly lower (P<.05) at both 60 and 120 days. These ratio differences indicated a greater number of unoccupied T4 binding sites on plasma binding protein in Synovex-implanted steers. The decrease in T3-resin uptake ratio concomitant with increased total plasma T4 concentration suggests that the binding capacity of the plasma protein involved in thyroid hormone transportation was enhanced in Synovex-S implanted steers. Pregnancy or exogenous estrogen administration to man is associated with an increase in the binding capacity of Thyroxine Binding Globulin (TBG) followed by an increase in plasma T4 concentration (Woeber and Ingbar, 1974) . In our animals, however, the rise in T4 concentration cannot be explained only by enhanced plasma protein binding capacity. Free Thyroxine Index, which is considered to be closely correlated to the free T4 fraction in the blood (Clark and Horn, 1965; Sterling, 1976) , was found to be higher (P<.05) in the Synovex-S implanted steers after 60 days of treatment (table 2) . No statistically significant difference was observed at 120 days of implantation. If the increase in T 4 concentration at 60 days of implantation was caused merely by enhanced binding capacity of the plasma proteins, the free fraction of T4 and hence the Free Thyroxine Index would be the same. Another possible explanation for the increased T4 plasma concentrations in experimental steers may be increased thyroidal secretion as suggested by Trenkle (1969) or a reduction in thyroxine degradation as found previously in man after prolonged estrogen administration (Zaninovich, 1973) .
From earlier studies in this laboratory on implant absorption of diethylstilbestrol in beef steers (Rumsey et aL, 1974) , and from a study of the absorption of t4C-diethylstilbestrol , it seems likely that greater amounts of Synovex-S would be released from implants in the initial phases of the feedlot period than in the later phases. Thus, the finding that elevated T4 concentrations were present after the first half of the feeding period corresponds to the probable pattern of estrogen stimulation.
As can be seen in table 2, no changes in T3 concentrations were observed at either time period. It seems likely that T3 plasma concentrations do not reflect small changes in plasma protein binding capacity, possibly because of the much smaller binding efficiency of T3 as compared to T4 (Woeber and lngbar, 1974) . In a recent study of T4 and Ta levels in young growing calves from birth to 5 months of age, we also observed that T4 was positively correlated with growth while T3 did not change (Kahl et al., 1977) . Thus, in the bovine, T4 rather than T3 may reflect physiologic and metabolic alterations.
Body weight data, measured at weekly (0 to 8 weeks) and biweekly intervals (10 to 18 weeks), demonstrated that the 40 steers implanted with Synovex-S grew more rapidly than those not receiving the implants (figure 1). Growth was more rapid in both the Synovex-implanted (P<.0005) and control steers (P<.0005) during the 0-to 60-day interval than during the 60-to 120-day period. The greater gains observed during the first half of this trial with Synovex (P<.001, table 2) are similar to results reported by Clegg and Carroll (1956) with implanted DES when gains were examined during successive 28-day periods.
Daily gains of the Synovex-implanted steers were greater (P<.001) than unimplanted controls during both the O-to 60-and 60-to 120-day growth periods (table 2) . Overall improvement in gain of Synovex-treated steers over control steers was 23%. The greater gains agree closely with results reported recently by Embry and Gates (1976) , Dinius et al. (1976) for finishing steers with Synovex.
Previous studies on thyroid function have yielded inconclusive results. Consistent increases in thyroid weight in ruminants have not been observed (Clegg and Cole, 1954; Burgess and Lamming, 1960; Preston and Burroughs, 1960; Bond et al., 1971) although there was a highly significant increase in height of the epithelial cells of the follicles in diethylstilbestroltreated steers (Burgess and Lamming, 1960) and lambs (Davey et al., 1959) when the thyroid gland was examined histologically. Trenkle (1969) also found no difference in the thyroid weights of cattle and lambs fed DES but observed an effect of DES upon the thyroid when the animals were fed a goitrogen, methimazole. The thyroid glands were heaviest in those animals receiving a combination of estrogen and the thyroid blocking agent. The thyroid blocking agent induced weight increases ranging from 50 to 400% and the presence of estrogen acted synergistically, resulting in increases of 300 to 700%.
In addition to these morphological studies, attempts to demonstrate the effects of estrogen upon thyroid function in ruminants by Clegg and Carroll (1956) reported no differences in serum protein-bound iodine between diethylstilbestrol-implanted and control steers and Trenkle (1970) also reported no differences in plasma protein-bound iodine in steers fed diethylstilbestrol. In an experiment to study the effect of diethylstilbestrol on thyroid activity of lambs (Trenkle, 1969) , there was a trend for greater thyroxine secretion rates in the diethylstilbestrol-fed Iambs but, with the limited number of animals used, the differences observed were not statistically significant. No differences have been found between the concentration of thyrotropin in the anterior pituitary of controls and diethylstilbestrol-fed cattle (Burgess and Lamming, 1960) and lambs Shroder and Hansard, 1958) .
In the present study using Synovex-S, a preparation containing estradiol benzoate and progesterone, we have utilized newly developed, highly sensitive radioimmunoassay procedures to measure thyroid hormone concentrations and have found increased plasma "1"4 conccntration and incrcased Free Thyroxine Index during the period of maximal growth stimulation. In our previous study using implants of the synthetic estrogen diethylstilbestrol, conducted in open circuit respiration chambers (Tyrrell et al., 1975) , and in a study reported by Rumsey et aL (1973) , heart rate and metabolic ratc were increased. These increases are consistent with greater thyroid hormone concentrations as a consequencc of estrogcn stimulation. Further experiments are required to establish whether these alterations in thyroxine concentration in the blood are directly involved in the mechanism of action whereby estrogens increase growth of cattle,
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